Several studies have shown that exaggerated blood pressure (BP) response to exercise can predict the development of hypertension and target organ damage, but others did not. The aim of this study was to evaluate the relationship between exaggerated BP response to exercise (ExBPR) and the development of hypertension or cardiovascular disease. We reviewed the charts of male subjects who, during the years 1991-1994, had a routine check up that included an exercise stress-test. For each subject, the following parameters were noted: age; body mass index (BMI); history of diabetes; cigarette smoking; family history of ischaemic heart disease and lipid profile. BP and heart rate at rest and during exercise were recorded as well. ExBPR was defined whenever peak exercise systolic BP or diastolic BP was over 200 mm Hg or 100 mm Hg respectively. We identified 73 males who exhibited ExBPR and matched them
Introduction
In view of the importance of hypertension to morbidity and mortality many investigators have tried to detect a predictor for the development of this disease. Accordingly, several researchers examined a link between exaggerated blood pressure response to exercise (ExBPR) and development of hypertension, or its complications. 1, 2 Authors such as Dlin in 1983, 3 Matthews in 1998, 4 and Singh (of the Framingham Heart study) in 1999 5 found a correlation between ExBPR and development of hypertension a few years hence. Others, such as Ren in 1985, 6 Taguchi, 7 and Gottdiener in 1990 8 found a correlation between ExBPR and left ventricular hypertrophy, a major complication of hypertension. However, Lauer et al 9 has failed to demonstrate such a correlation. with a control group of 117 subjects with similar age who had a normal BP response. The mean age of the studied group was 42.6 years and the average follow-up was 5.7 years. Baseline characteristics were similar in both groups. During the follow-up we observed hypertension among 22% in those with ExBPR in contrast to 2.6% in the control group (P Ͻ 0.0001). In addition, more subjects of the ExBPR group required cardiovascular medications than of those in the control group (19.2% vs 4.3%, P ‫؍‬ 0.0008). Thus, it seems that ExBPR predicts the development of hypertension and cardiovascular diseases. We therefore suggest that subjects with ExBPR should be followed more closely and be instructed for lifestyle modifications which may delay the development of such diseases.
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Our study was aimed to examine whether exaggerated blood pressure response to exercise was a good predictor for development of hypertension and target organ damage (TOD) in healthy subjects. Furthermore, we characterise those who have responded to exercise by exaggerated blood pressure and examined the atherosclerotic risk factors profile in this group.
Methods

Population
Between 1991 and 1994, healthy Israel Defense Force personnel, 26 years of age and above, were referred for periodic medical evaluation. The subjects reported to our department in a fasting state. Routine laboratory tests included blood sugar level and serum cholesterol (total, high-density lipoprotein (HDL), low-density lipoprotein (LDL), very lowdensity lipoprotein (VLDL) and triglycerides levels. A complete history, physical examination and Journal of Human Hypertension resting 12-lead electrocardiogram was performed at that time.
Exercise stress test and ExBPR
After the medical examination, subjects Ͼ39 years were prepared for treadmill exercise testing unless this was medically contraindicated. No subject had angina, heart failure, valvular disease, congenital heart disease or arrhythmia, and none were taking antihypertensive therapy. A Bruce protocol was used. The subjects were encouraged to continue until 90% of their adjusted-age maximal heart rate was achieved. During exercise, a 12-lead electrocardiogram and blood pressure were recorded at the end of each 3-min stage and at peak exercise. Postexercise recordings were obtained after 5 min. Based on blood pressure response, the test was considered as normal or exaggerated blood pressure response (ExBPR), whenever the systolic blood pressure was over 200 mm Hg or diastolic blood pressure over 100 mm Hg at peak exercise. Of 2783 subjects who underwent stress test, a total of 175 subjects responded in exaggerated blood pressure to exercise (ExBPR group). Five women (as there were so few of them), 16 subjects who were lost to follow-up, and subjects who had hypertension or used antihypertensive drugs, were excluded. For this group we correlated a control group of 117 subjects matched by age, gender, date of examination and body mass index (BMI).
Data collection
For each subject the following parameters from the time of the test were derived from their files: age; BMI; risk factors for cardiovascular morbidity (hypertension, diabetes, family history of ischaemic heart disease, cigarette smoking and any heart disease); glucose levels; lipid profile; electrocardiogram at rest; blood pressure and heart rate at rest; exercise level achieved at stress test; and highest blood pressure values and heart rate during the stress test and after a recovery period of 3 min.
For follow-up, the subjects were interviewed and asked whether they had developed hypertension, ischaemic heart disease, mitral incompetence, cerebrovascular accident (CVA), diabetes mellitus, or if they were using any medication for the cardiovascular system.
Statistical analysis
Parameters of the study population are expressed as mean ± standard deviation. For comparison between the study group values we used the Student's t-test. For comparison of result frequency we used Chisquare test. To determine the odds ratio of ExBPR to develop consequent hypertension, we used a logistic regression analysis, adjusted to all baseline characteristics. P Ͻ 0.05 was considered significant.
Results
Baseline characteristics
The final analysis was comprised of 190 male subjects with a mean age of 42.6 years; the ExBPR group and control groups comprised 73 and 117 subjects, respectively. Baseline characteristics are shown in Table 1 . Both groups matched in regard to age and BMI, as well as the other risk factors. The laboratory values are also shown in Table 1 indicating significantly higher fasting glucose levels in the ExBPR group but still within the normal range.
Response to stress test
Stress test results show that subjects of the ExBPR group had a significant shorter duration of test compared to control group (8.2 ± 2.3 vs 9.4 ± 2.5 min, P = 0.0004). The average baseline blood pressure was 133 ± 13/89 ± 10 mm Hg among the ExBPR group compared to 124 ± 9/81 ± 7 mm Hg in the control group (P Ͻ 0.005). Blood pressure parameters and heart rate during the test are represented in Figure 1 , emphasising the distinct haemodynamic Figure 1 Haemodynamic parameters of the stress test of the study population: exaggerated blood pressure responders (ExBPR) compared to the matched control group. SBP, systolic blood pressure; DBP, diastolic blood pressure. Rest, peak and recovery denotes the stages of the exercise stress test. response of subjects who have responded in ExBP to exercise. The two groups did not differ in the heart rate increment at peak exercise (from 80 ± 13 ppm to 158 ± 12 and 100 ± 11 after 3 min recovery among the ExBPR group and from 78 ± 12 through 162 ± 7 to 105 ± 16 among the control group).
A systolic blood pressure hyperresponse was noted in 40 subjects and 58 subjects had a diastolic blood pressure hyperresponse. Both systolic and diastolic blood pressure hyperresponse was found in 49 subjects.
Outcome
Follow-up was conducted 5.7 (range: 5-8) years later, and the results are depicted in Table 2 . The chances of developing hypertension or the usage of cardiovascular medication were significantly higher in the ExBPR group than in the control group. A further analysis, using a logistic regression, and adjusting to baseline blood pressure as well as all other baseline parameters, found a 5.64 (CI 95% 1.4 -22.3, P Ͻ 0.01) odds ratio to develop hypertension among subjects with ExBPR. Regarding other TOD, no significant differences were found for the risk of developing ischaemic heart disease or CVA among subjects of the ExBPR group and a borderline difference in the development of diabetes.
The odds ratio for future hypertension of systolic blood pressure hyperresponders is 7.6 (CI 95% 1.8-32.2) and for diastolic blood pressure hyperresponders 5.7 (CI 95% 1.3-24.7). Regarding blood pressure at rest as a predictor for future hypertension, the odds ratio is 1.06 (CI 95% 1.02-1.1) for rise in 1 mm Hg of systolic and 1.07 (CI 95% 1.02-1.13) for diastolic blood pressure.
Discussion
The present study shows that, during 5.7 years follow-up, healthy subject who have responded with high blood pressure to exercise, have almost a sixfold chance of developing overt hypertension, indicating that ExBPR is an independent predictor for this disease.
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Our results support other published data. Dlin 3 found among 75 sportsmen (mean age 24.6 ± 10 years) who had exaggerated blood pressure response to stress test 3-14 years previously, the risk of hypertension was 10-fold higher than that of the control group with normal blood pressure response. Matthews and his colleagues 4 examined 151 subjects (mean age 42.6) with exaggerated blood pressure response during the stress test. They found that it is an independent predictor of clinical overt hypertension 4 -15 years later. Similar findings from the Framingham data have shown increased prevalence of hypertension, 8 years after the stress test carried out by subjects aged 42 ± 10 years, who have responded in exaggerated diastolic blood pressure response in both gender and high systolic blood pressure after 3 min rest in males.
Since ExBPR predicts the development of hypertension, it is reasonable to assume that it will also predict the occurrence of TOD. Indeed some studies found more cases of left ventricular hypertrophy in subjects who showed an ExBP response to stress test.
6-8 However, we, as well as some others found no increased incidence of ischaemic heart disease or CVA. [3] [4] [5] Perhaps this is because the study population was young and the follow-up period was too short (only 5.7 years) for such TOD to develop. In addition, our follow-up was conducted by an interview, a method not sensitive enough to detect subtle TOD.
Regarding mortality, none in our study population had died during the follow-up period. During 8.1 years of follow-up on over 26 000 men and women, Kohl et al 2 detected a higher rate of total and cardiovascular mortality among healthy subjects who responded to a stress test with a systolic blood pressure of Ͼ200 mm Hg. The reason that no mortality was found in our study is perhaps due to a short follow-up, and to the fact that in the study of Kohl et al 2 the age at demise was over 50 years, which is beyond the age of our population at the time of follow-up.
Some studies have tried to explain why exaggerated blood pressure response to exercise would lead to future hypertension. This may possibly be related to the elevated mass of the left ventricle found in some studies, or perhaps the problem is increased sympathetic and decreased parasympathetic activity. 4, [9] [10] [11] [12] What is the pathophysiologic reason for this phenomenon? The fasting glucose level was slightly higher in the ExBPR group, but still in the normal range, and a marginally significant (P = 0.07) higher prevalence of diabetes 5-8 years later. These facts might suggest a metabolic defect that consequently would present also with future hypertension. However, this assumption was not confirmed by elevated BMI or with higher lipid level.
Other possible explanations are found in the literature. Studies have shown that among subjects with ExBPR, during exercise the cardiovascular sys-tem works at normal cardiac output and high vascular resistance, resulting in higher blood pressure values than those of normal subjects who respond to exercise by elevated cardiac output and lowered vascular resistance. 2, 3, 13, 14 Furthermore, Friedl et al 15 found that subjects who were homozygotic to deletion-allele of the angiotensin-convertingenzyme (ACE) gene had elevated diastolic blood pressure values during exercise and after 3 min recovery. In addition, these subjects express higher level of renin (two-fold), that could explain the high vascular resistance in exercise.
What is the clinical implication of ExBPR? Our data and other publications as well as the pathophysiologic basis of this phenomenon, lead us to suggest to consider ExBPR, in apparently healthy subjects, as a pre-morbid condition or even a borderline hypertension. Also, to use stress-test as a provocative test to identify subjects who have a greater chance to develop hypertension. However, before applying this proposal, this response should be confirmed to be reproducible.
In conclusion, ExBPR may predict the development of hypertension and cardiovascular diseases. We therefore suggest that subjects with exaggerated blood pressure response to exercise should be followed more closely and to recommend lifestyle modifications which may delay the development of such diseases.
